In this paper we study the effects of different molar ratio R of Zn 2+ to OH -(R = nOH-/nZn(II) on the morphology, particle size and optical properties, of the precursor was investigated by varying the amount of NaOH. Samples have been synthesized by the colloidal method at room temperature using (ZnCl2), citric acid (C6H8O9·H2O) and sodium hydroxide (NaOH). The structure of ZnO/C composite characterized by the X-ray diffraction patterns indicated a high crystallinity and nanocrystalline size of ZnO with hexagonal wurtzite structure. The morphologies of the particles have been studied with a scanning electron microscope (SEM). The existence of carbon into the composite was detected by FTIR and EDS. The optical band gap of various ZnO/C composite was calculated from UV-Visible absorption measurement varied in the range 3.301 to 3.282 eV according to R values.
■ INTRODUCTION
Zinc oxide crystallizes in the typical wurtzite hexagonal structure with space group P63mc and lattice parameters a = b = 0.325 nm and c = 0.521 nm [1] . The importance of ZnO is due to stable chemical properties and his wide and direct band gap energy (3.37 eV), a semiconductor material with a large exciton binding energy of 60 meV at room temperature [2] . According to reference studies [3] , doping of ZnO with nonmetal elements such as carbon (C), nitrogen (N) and sulfur (S) leads to improve the structural, morphological and vibrational properties of ZnO. Doping non-metal element decrease the band gap of wideband semiconductors [4] . The carbon-doped materials with a large specific surface area can be preferred for many potential applications, such as including lithium-ion batteries [5] , fuel cells [6] , supercapacitors [7] and photocatalyst [8] . ZnO nanostructures can be prepared by many methods, such as sol-gel synthesis [9] , hydrothermal/solvothermal method [10] , and the microemulsion method [11] . Among this synthesis route, colloidal approach compared to other methods provides a facile way for low cost and large-scale production, which does not need expensive raw materials and sophisticated equipment [12] [13] . It is reported that the various applications of ZnO nanoparticles required the control of both physical and chemical properties such as, for example, size, size disparity, a shape, a surface state, and crystal structure [14] [15] . Thus, various simple routes are developed for synthesizing ZnO nanoparticles with uniform shape and size. However, when the first nanoparticles are formed in a solution, they agglomerate. Nanoparticle stabilization and functionalization are then essential steps in nanomaterial synthesis. To avoid agglomeration phenomenon, nanoparticle dispersion in water is mainly employed using, furthermore, electrostatic stabilization. This process requires a rigorous control of physicalchemical parameters such as pH, temperature, reaction time, and ionic strength of the solution. Stabilizing agents such as a molecular chain (hydrocarbon polymer) or carboxylic acids are also used to improve a high colloidal dispersion, in most cases [16] [17] . The single step process without unwanted impurities is desirable for the cost-effective preparation of ZnO nanoparticles.
In these works, we prepared ZnO/C nanocomposite by wet chemical synthesis via a colloidal method, at room temperature using (ZnCl2), citric acid (C6H8O9·H2O) and sodium hydroxide (NaOH). The concentration of citric acid used as a stabilizing agent, in an aqueous medium, is an important factor in the morphology of obtaining ZnO/C [18] . We also investigated the effect of molar ratio R = nOH-/nZn2+ with R = 6.0, 7.0 and 8.0 on the structural and optical properties of the ZnO/C composite. It is found that the structural and optical properties are improved where R decreases from 8 to 6. The crystal and chemical structure of the samples was identified by powder ray diffraction (XRD) and Fourier transform infrared spectroscopy (FT-IR). The size and morphology of particles were determined by scanning electronic microscopy (SEM) and UV-Visible spectroscopy.
■ EXPERIMENTALSECTION

Materials
Zinc chloride (ZnCl2, BHD Chemicals Ltd), citric acid (C6H8O7, H2O, Panreac) and sodium hydroxide (NaOH, Prolabo). Distilled water was used in the reaction system as a solvent medium and washing.
Instrumentation
The synthesized sample was characterized by X-ray diffraction (XRD) using PANalytical diffractometer with CuKα (λ = 0.154 nm). The infrared absorption spectra were recorded over the 4000-400 cm -1 range, on an infrared spectrophotometer with the Fourier transform, JASCO 4100. The morphology and particle size of the products obtained were analyzed by scanning electronic microscopy. The optical properties were carried out using a Perkin Elmer Lambda 900 Spectrophotometer in the UV/vis/NIR region.
Procedure
The used preparation procedure was described by Wang et al. but with the introduction of a few modifications [19] . 2.101g, 1 M citric acid (C6H8O7, H2O) was dissolved in 10 mL of distilled water with 0.954 g, 0.7 M zinc chloride (ZnCl2) to get 0.7 M zinc chloride and 1 M citric acid stirred at room temperature. Obtained media were neutralized by a solution of 1.4 M NaOH at room temperature, tree precursor solution with different ratios R = nOH-/nZn2+ = 6.0, 7.0, 8.0 was prepared.
Synthesized colloids were oven dried at 40 °C for 1 to 3 days, and were subsequently heated at 100 °C for 30 min, and the resulting ZnO/C materials prepared at room temperature the ZnO/C-R with R = 6.0, 7.0, and 8.0 were denoted, thereafter, ZnO/C-6, ZnO/C-7 and ZnO/C-8 respectively. existence of the hydroxyl group in ZnO-8. The magnitudes of the peaks were lesser in ZnO-6 and ZnO-7. The presences of corresponding to citrate are clearly seen at 1250, 1380, and 2344 cm -1 and are assigned to CO2. The bands at 350-600 cm -1 associated with the stretching vibration of zinc-oxygen bond confirm the formation of Zn-O in ZnO/C-6, ZnO/C-7 and ZnO/C-8 [20] [21] . Fig. 2 shows the XRD patterns of ZnO/C-6, ZnO/C-7, and ZnO/C-8 samples. From Fig. 2 , ZnO phases exhibit a wurtzite structure with the characteristic peaks at (100), (002) and (101) plans (JCPDS card No.36-1451). The peaks intensities increase with the reduction of the molar ratio until they reach the maximum value for ZnO/C-6. This implies that the latter has the smaller crystallites size.
■ RESULTSANDDISCUSSION
FT-IR Analysis
XRD Analysis
The Scherrer formula [22] was used in the determination of particle size of crystals in the form of powder.
where D is the mean size of particles (nm), K (≈0.94) is a crystallite shape factor, λ (0.1546 nm) is the X-ray wavelength, B is the full width at half the maximum (FWHM) in radians of the X-ray diffraction peak and θ is the Braggs' angle (deg). The lattice parameters (a and c) have been determined by using the following formula used for hexagonal systems [23] : 
There are two unknowns to calculate into the equation (3) Therefore, in calculating the network constant a, the peak in the form of (hk0) should be chosen in order to eliminate the c of the other share, in the calculation of c constant, the peak in the form (00l) should be chosen to get an equation with an unknown. After choosing the appropriate peaks, the following equations are derived for the constants a and c. 
where d is lattice spacing, a and c are lattice constants, h, k, l are Miller indices, θ is the angle of corresponding peak and λ is the wavelength of X-ray used (1.5402 Å). The volume of wurtzite unit cell for the hexagonal system of ZnO nanoparticles has been calculated by using the relation given below [24] : V 0.866 * a² * c = (5) where V is the lattice volume, a and c are the lattice constants. The average crystallite size, lattice parameters and the lattice volume for all samples are resumed in Table 1 . 
SEM Analysis
The morphology and the size of the sample particles were examined by SEM. Fig. 3 presents the SEM images and grain size distributions of the synthesized ZnO/C samples. It could be seen that the three ZnO/C resulting from different R ratios led to the formation of Fig. 3(a) shows the sphere is of a net grid-like morphology and a hexagonal prism. Each prism is about 1 µm in diameter. Fig. 3(b) shows the morphology of the assembled ZnO/C structures influenced by the molar ratio. The ZnO/C-7 seems to, composed of interleaving thin plates or nanosheets. These microstructures have an average particle diameter of about 1 µm. Fig. 3(c) The ZnO/C-8 contains flower-like structures with a diameter of 2 µm. The chemical composition of the ZnO/C composite was determined by EDS, as displayed in Fig. 3(d) and 3(e), in order to show the presence of the Zn, O and C elements. We can see a relatively large amount of C not been crystallized as previously shown in the XRD measurements. From EDX spectra the estimated amount of C in the sample is presented in Table 2 , the content of which in the composite for the ZnO/C-7 and ZnO/C-8 is about 15 and 14 wt.% respectively.
Obviously, C atoms must distribute homogeneously in the sample, either forming an amorphous C (free carbon) or incorporating with ZnO in the wurtzite structure (C dopants) in the former case, the amorphous C atoms are independent of the physical properties of ZnO nanocrystals. In the latter case, C atoms may allocate at the interstitial sites in wurtzite ZnO that do not form atomic bindings with host materials or they can substitute Zn cites or O cites to from O-C and Zn-C bonds. However, we can not estimate the realistic ration C dopants in the current case.
UV-Visible
The transmission spectra of the ZnO/C-R samples are shown in Fig. 4(a) . The optical transmission in the Fig. 5 reports the plots of (Ln1/A) 2 *(Hν) 2 versus photon energy for the samples. The slopes and the intercepts at the hν axis of the linear variation enable us to deduce the direct band gap. The direct band gap (Eg) estimates from the spectra is about 3.301, 3.294, and 3.282 eV, for ZnO/C-6, ZnO/C-7 and, ZnO/C-8, respectively. Slight shifts in the band gap with increased intensity was noticed due to increased molar ration R [26] [27] .The band gap value decreases with an increase in the thickness. Earlier studies show that an increase of the surface to volume ratio with decreasing particle size leads to increasing the contribution on the surface related emission centers to the emission spectrum [28] [29] .
■ CONCLUSION
In the present work ZnO/C composites synthesized at different molar ratio of R of Zn 2+ to OH -(R = nOH-/nZn(II))(with R = 6.0, 7.0, and 8.0) were analyzed to determine the influence of molar ratios of crystalline size, morphology and optical properties of ZnO/C composite. X-ray diffraction showed that the prepared particles are the ZnO wurtzite crystalline structure. The size range of the synthesized ZnO particles slightly decreases with decreases the molar ratio R and was approximately 25-39 nm. UV-Vis reflectances indicate the synthesized ZnO nanoparticles exhibit good optical properties with band gap 3 eV. The existence of carbon into ZnO/C composite structures was evidenced by EDS and FTIR.
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